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(57)Abstract 

PROBLEM TO BE SOLVED: To reduce manufacturing 
cost and further to suppress spreading of the 
spreading angle of a beam in vertical direction in a 
device in which lasers of different wavelength bands 
are monolithically integrated. 
SOLUTION: The well layers 151 of a multiple 
quantum-well active layer 104 are formed with a 
GaAIAs-based semiconductor material, while the 
barrier layers 152 are formed with GaAIAs, and the 
cladding layers 102, 106 are formed with ln(Ga1-x- 
Alx)P (0<x<1). As a consequence, expansion of the 
spreading angle of the light beam is suppressed. 
Besides, bandgap difference between the clad layers 
and the active layer is expanded. Therefore, during 
the laser operation, leakage of electrons from the 
active layer to the clad layers is suppressed, and the 
temperature characteristics are improved. 
Furthermore, carriers are injected into well layers 
uniformly, and the voltage lowering is suppressed. In 
addition, since light-guiding layers 103, 105 composed of ln(Ga1-yAly)P (0<y<1) are formed 
between the active layer 104 and the clad layers 102, 106, diffusion of the dopants for the 
material composing the clad layers into the active layer is prevented, resulting in 
enhancement of the device reliability. 
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10 0 5 7] 0221c, ^'j+iiDfetf-f Fic*n* 

ttAlGaAsilliXfcU nGaAlPig&fcffl^fc© 
£©8ftK^T^-fo 

[0 0 5 8] /Vj^MJSiV&iU HBC, ttKAlGa 
AsigH£fflUfct§£t±, K-AOSiSJt^Dft*** 
<&Si:^3HH#fcS. A'J^Jf fc I nGa A 1 Pil 

ttHt«E*T#ftt*. /tij*jK&U%:tf<f KHta 
CInGaAlPii^tS^> fSttlCfiE® 
TA^fS. *l/t, /t<J*J|C:AlGaAsWk 
##4 K/lfcInGaAlPig|l£ffl^fcl§£Cfcl:, C 
©<fc7fcP«g®te&£L&^o 
[0 0 5 9] ^WOlUiSOff^fco^TE®^ 

[006 0] *^W©^ 1 ©^JgOff^tiS 7 8 0 n 

f. CCgBtt, InGaAlP^^ftHSffl^fc^ 

(Selective Barriered Ridge) 

5o 

[0 0 6 1] Extended Abstructs, 19th Conf. Solid S 
tate Device and Materials, Tokyo (1987) , pp. 115-11 
8 

n-GaAsIfilO l±Kn-In0.5 (Ga0.3Al 
0.7) 0.5P!f£l*7yKllO2, I nO. 5 (GaO.SA 
10.5) 0.5P##>r HJf 1 03, A10.08GaO.92As 
/A10.3Ga0.7As£fift?#Fffi£IIl 0 4, In 
0.5 (Ga0.5A10.5) 0. 5P3fc#-f HJf 1 0 5, p-I 
n0.5 (Ga0.3A10.7) 0. 5Plg2*7*y F! 1 0 6, 
p-InGaPi*;f>nhf^I10 7, p-In 
0.5 (GaO. 3A 10. 7) 0. 5P&3 * 7 v Kll 0 8, p 
-InO.5Ga0.5P*V>y7'Jf 1 0 9, n-GaAs@ 
»7*o»*JIl 1 1» p-GaAs3^^M110 

*«i*ft, sffii o Kom^j&mhmmdm^n 

^8812 2, 3>^H1 1 0©H@±tZpm«il 2 

[0 0 6 2] SiSxg©a«S*BiWtSi:, IXTGtS 
t)T-fe5o n-GaAslfil 0 l±t, dKn-In 
0.5 (Ga0.3A10.7) 0. 5P!g 1 >?? y Kl 1 0 2, I 
nO. 5 (Ga0.5A10.5) 0.5Pft#4 FBI 0 3, Al 
0. 08GaO. 92 A s/A 10. 3GaO. 7 A s#M?#piS 
14110 4, In0.5 (Ga0.5A10.5) 0.5P3fc#-f F 
1105, p-In0.5 (Ga0.3A10.7) 0.5P^2£ 
7>yFS106, p-InGaPiff-^l^Ml 
107, p-In0.5 (Ga0.3A10.7) 0.5P8S3*7 
•yFffl08, p- I n0.5Ga0.5P** y7'Jll 0 9 



(6) 

ID 

[0 0 6 3] **v7m\ O9©HS±tc0*£ 
JvtV*fcHi' 'J n >&fcJFMU ^ * F 'J V^7 7 4 & 

riSffl^-ccioK^^r-^-fT'tttJinxb, ens-?*. 

* 9 7 «y HI 1 0 8 ©-$£ 'J -y F 7 -f 7*tt 
tUnx-TSo $e>£c:©T;*££fflVvtn-GaAsS 
1 l^MOCVDiS^ffl^-CSlRfigS? 

fr£?yfrt Ml 1 0£MOCVDi£KJ;!)ffMU 

n s«i o i±jkf3v**mi i o±t^n^nm«i 

1 2 2£tfl 2 ISJ&jSTS. 

[0064] *7*yFS102, 1 06, 1 08H:, I 
n0.5 (Ga0.3A10.7) 0. 5P-t-*gf£;*ft, *7<yFl 
10 2C*lt*nM^tli:b-CI±Si, *7>yF)f 1 
0 6, 10 8C:fcNtapS*&^bTttffiifi£Elvt 
*5t), ^^tt^l^mt-feS. 

[0 0 6 5] FJf 10 3, 1 O5fctln0.5 (G 
aO.5A10.5) 0.5PSrffl^TJfM^tlT*t), 7>H 
-7-C^oTS^H:3 9 nrnt-feSo 
«• [0 0 6 6] ffiftll 0 4tt#E»?#p#§£T-&!), 
A10.1Ga0.9As»?#pJll 5 lfciJS<*#l On 
m, A10.4Ga0.6Asn'J-Wll 5 2lif?4nmf 
&ffi&Sfcfc 7 8 0 nmT-fc 5o 

[0067] ^lUEO^SUci S l/r-lf SBfcfc, ^7«; 

FJ1102, 1 0 6, 1 08KInGaAlP£ffl^T 

tf-A£#!)fc©¥<fi£tlfci:, 3 3ST-^5. 
[0 0 6 8] S&tSttl 1 0 4C*(tS«ERT*»M 
3# £tl, 5mWm*B$t:*;ltSSl^SEtt2. 2V?ifco 
fco fSftl 1 0 4©#Fl 1 5 1 il*7 » FB 1 0 2R 
Tfl0 7<Dm£*n*tUtt1M Kll 0 3SV1 0 5# 

#F«1 5 l^.&®LtZZt&m\X'gZ<, £©Ci: 

[0 0 6 9] ±B«Jift«^T7 8 0nm*fi» 
©1/— Vm^-k. 6 5 0nm$M®l/- If*?*:** 
y U 5/»^fcjfc«ftibfcl/— !f8H©fi§3§£02 
<• 1". 

[0 0 7 0] n-GaAsSS2 0 1±t, n-InO. 
5 (Ga0.3A10.7) 0. 5P8 1 *7 v H12 0 2SV2 
1 2, In0.5 (Ga0.5A10.5) O.SPTt^'T HI 2 0 
3&tf2 1 3, A10.08Ga0.92As/A10.3Ga0.7 
A s £B»? #PiSttS 204XVInO.5GaO.5P/ 
In0.5 (GaO. 5A10.5) 0. 5P#Bft?#FiSttl 2 
1 4, I n0.5 (Ga0.5A10.5) 0.5P^3tf-f K«2 0 
5&tf2 1 5, p-InO. 5 (GaO. 3A 10. 7) 0. 5P& 
2^7^^12 06X^2 16, p-InGaPx«)-?- 
s« >^h>y ^12 0 7X^2 1 7, p-In0.5 (Ga 
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0.3A10.7) 0.5P^3^7«y Hi 2 0 8RVF2 1 8, 
p-In0.5Ga0.5P*fy:712O9&tf2 1 9, n 
-GaAs^S£7"n«)/£Jf 2 1 1, p-GaAs3>* 

?H2i otf^^n, $e.{ca«2o ioas±t 

ftan«S«»ttA 1 Ntf7v£> H 2 2 3 tfJIM;* 
ft, M2 1 0±K7 80nmLDOpmfiB2 

2 1, 6 5 0 nmLD©pf|fi£2 2 3#JFM£ftT^ 

[0 0 7 1] ZZ?, 7 8 0nml/- »7«?©iSttl 
lis 02 (b) fc*£ftfc,},5fcs #M?#P*Sttl 
2 5 li:M'J*!2 5 2fc#£5fc^fi£$ft-a^. £ 
fc6 5 Onml/— !f*?CDJSttJitt, 02 (c) C^S 
ftfcJ;dK, In0.5Ga0.5P#pl2 5 3i;In0.5 

(G a 0. 5 A 1 0. 5) 0. 5P /1 'J 2 5 4 i: #£5tCj& 

[0 0 7 2] tfggK«fcfttf> 7 8 0nmMf 
©U— !f*?k» 6 50nmSftS©U- 
&fcln0.5 (Ga0.3A10.7) 0. 5P >y H 

[0073] 7 8 0nml/— tf^CDyy^r- 
D#fj|K*iV^ *7<y H12 0 2&tf2 0 6fcInG 
aAlPs 3fe*'f>-«2 0 3St) c 2 0 5t:InGaAl 
P> ^'J-\'12 5 4KGaAs§fflV>T^?.C:i:'r\ % 

lt£ft*. 

[0074] *S8H,B©Sfi 2 O^JfiOJgJit J, S I S (In 
ner Strip) S^Sfcl/— tfgSt^Ts 7 8 0 nm 
*ft»U— tf8?£E3Ks 7 8 0nm«Ml/- !f|g 
? & V 6 5 0 n m8£# U-+f € y U * * * £8 
<bUfc8g&0 41^*0 

[0075] n-GaAsg&3 0 l±fcs n-InO. 
5 (Ga0.3A10.7) 0. 5P& 1 *7 y H13 0 2, In 
0.5 (Ga0.5A10.5) 0.5P3fe#W K1303, A10. 
08Ga0.92As/A10.3Ga0.7As £fi»?#PiSft 
13 0 4, I nO. 5 (Ga0.5A10.5) 0.5P##>r HI 
305, p-In0.5 (Ga0.3A10.7) 0.5P^2^7 
•yH13 0 6, p- 

InO.5 (Ga0.3A10.7) 0.5PSg3*7* HI 3 0 
8, p-I nGaP+tyT'jf 3 0 9, p-GaAsn 

hi3 1 oifi&i&zn, zzizvmm 2 1, n 

S8i3 2 2#JFM<*ftTt>So iS&13 0 4tts A 10. 
10aO.SAsft?#pl3 5 1, A 10. 4Ga0. 6AsM 
'J-W13 5 2£WLT^*o 

[0076] *HSS©3f^t:*lta^ 7 » HI 3 0 2& 
V3 0 6, #p!3 5 1, ;<«;-*'!3 5 2©&j5!m*4 
(is ±a2^1©HSS©ff^i:l5]«T-feStf, «»7Dy 
*13 0 7©fitig#fl&o-t:^*. mfi£7ny*13 0 
7©(p5feSi5^©^H7'frS(C)fe^«<t«){c, €857 



D>y*13 0 8(C??|£Jfcfi£L£&, SB 3 *7>yHB 3 0 
8T-C©jg^a«>^T-^5. ^©^fc^Trnw* 
^^tlS. *LT, ®gPKfctt*miS7D>./*|f 3 07 
i:M§3*5>.y H13 0 8i:©JS5f$ffig{Cj;o-r3fctf^ 

[0 0 7 7] £«!>ttii*flHvt, 7 8 0nmgS§CDl/ 
— ifjfrffc, 6 5 Onm»gf©l/-tf*? t**;*) 

io [00 7 8] n-GaAs!i40 1 ±t, n-InO. 
5 (Ga0.3A10.7) 0.5PH1 O^v HI 4 0 2, In 
0.5 (Ga0.5A10.5) 0.5P3fc#-f H14 0 3, A 10. 
08GaO. 92 A s /A 10. 3GaO. 7 A s#m«?#Pr£ft 
14 0 4, In0.5 (Ga0.5A10.5) 0.5P##-f HI 
405, p-In0.5 (Ga0.3A10.7) 0.5PSf£2*7 
yH14 0 6, n-AlGaPm^^D>y^l4 0 7, 
p-In0.5 (Ga0.3A10.7) 0.5Pg3*7y H14 
08, p-In0.5Ga0.5P*t'y7*14O9s p-G 
aAs3>^? H14 1 QVBf$,t<tU £e>fcpm$4 

»• 2 1, &«nmffi4 2 3#Jfcfi&£ft-0>*. 

[00 7 9] id-C, t£tt!404tt, AlO.lGaO.9 
As#Pl45 li:A10.4Ga0.6As^"J-V14 5 2 

[0 0 8 0] $e>t, 6 5 Onm*ft^V-if^i:t 
t, SS40 l±t, n-In0.5 (Ga0.3A10.7) 
O.SP)ftl*?*KJI4 1 2* In0.5 (Ga0.5A10. 
5) 0. 5P3fc^-f H14 13, InO.5GaO.5P/InO. 
5 (Ga0.5A10.5) 0. 5P#«»?#PiSttl4 1 4, 
In0.5 (Ga0.5A10.5) O.SPfttf'f H14 1 5, p 

jo -In0.5 (Ga0.3A10.7) 0. 5PMI2 y HI 4 1 
6 % n-AlGaP@SSE^D.y^l4 1 7, p-InO. 
5 (Ga0.3A10.7) 0. 5Pfg3*7y H14 1 8s p- 
In0.5Ga0.5P*-Vf 714 1 9s p-GaAs3> 
**M4 2 0, £S>fcpm«i4 2 2s £«nm®4 2 
ZVBf&ZhX^Zo u©glil4 14tt, In0.5G 
a0.5P#p!4 5 3fcln0.5 (Ga0.5A10.5) 0.5 
PA'J W4 5 4fc#£SCeS£ftT^£o 
[0 0 8 1] *^W©^3©SUS©JB^t:i5fiJ#^-< 
HM7 8 0 nm»fi?|^-im?©fi§jg£05£7p-f. 

«o [0 0 8 2] n-GaAs8S5 0 lit, n-InO. 
5 (Ga0.3A10.7) 0. 5PM5 1 >Jv v H15 O 2s In 
0.5 (GaO. 5A10.5) 0.5P3W H15 0 3s A 10. 
08 G aO. 92 A s/A 1 0. 3GaO. 7 A s£M?#PiSft 
15 0 4, In0.5 (GaO. 5A 10. 5) 0.5P##-r HI 
50 5> p-In0.5 (Ga0.3A10.7) 0.5P^2^7 
«>H15 0 6s p-InGaP+t>>71507, p- 
GaAsiji^D-^1508. p-GaAs3>^^ 
H15 0 9, $t>tpm@5 2 1, nS8i5 2 2#Jfcf£ 
ZtlT^Zo Jg<41504tt, A10.1Ga0.9Asft? 

so #Pl55 1i:s A10.4Ga0.6AsMiJ-^15 5 2t 
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[0 0 8 3] *7»H15 0 2MF5 0 6s HI 
5 0 3s i££15 0 4K*5»ta#Pl5 5 \mW? 

[0 0 8 4] CO^ftts mSS7'D«)/£15 0 8#* 

[ 0 0 8 5 ] 0 6 ±B*S*fflHT, 7 8 0 nm& 
m<D\s-1f%¥b. 6 5 0nm^ft«cDi/— yjR^k 

[0086] n-GaAsg&6 0 l±fc, n-InO. 

5 (Ga0.3A10.7) 0. 5PM5 1 ^7 >y H16 0 2, In 
0.5 (Ga0.5A10.5) 0.5P3W H1603, A10. 
08 G a 0. 92 A s / A 1 0. 3 G a 0. 7 A s ^11? #pf£ft 
16 0 4s In0.5 (GaO.5A10.5) 0.5P3fe#-r HI 

6 0 5^ p-InO.5 (Ga0.3A10.7) 0.5Pff§2*7 
*Kfl6 0 6« p-In0.5Ga0.5P**>.y:7 , 16O 
7s n-AlGaPS^D>y^l6 0 8s p-Ga A 
s3>**M6 09s £f>Kpmei62 Is ttSnm 
816 2 3#ffM£nT^5. 

[0 0 8 7] CCTs Jgttl6 0 4tts 06 (b) 
$n&Jsdts A10.1Ga0.9As#pl6 5 lilAl 
0. 4 G aO. 6 A s n D -\»1 6 5 2 i:tf£5lCffig$:h,T H 
5. 

[0 0 8 8] SfcfCs 6 5 0nm&ft$U— 
Ts S«6 0 1±{Cs n-InO.5 (GaO. 3A 10. 7) 
0.5P&l*7«.y H16 1 2s In0.5 (Ga0.5A10. 
5) 0.5P##-r H16 1 3s In0.5.Gafl.5P/In 
0.5 (Ga0.5A10.5) 0. 5P£l»?#pSftl6 1 
4s In0.5 (Ga0. 5A10.5) 0.5P3W H16 1 
5s p-InO.5 (Ga0.3A10.7) 0.5PH2*7yH 

16 16, p-In0.5Ga0.5P**v/:7l6 1 7, n 
-AlGaP^yn«y^l6 1 8s p-GaAs3> 
^^H61 9, $c,{cpmfii6 2 2s ftjtnmSI6 2 

3*s)f^$nT^*. 

[0 0 8 9] ig4416 1 4lis 06 (c) fc*£ftfcJ; 
o\Zs In0.5Ga0.5P#pl6 5 3i:In0.5 (Ga 
0.5A10.5) 0.5P/<U-\'16 5 4i:#£Sfc:£S£ft 

[0 0 9 0] *%W<Dn4<DnM<DBM££Z*miU 
HS7 8 Ohmf^l/- H©fi§jl&07 

[0 0 9 1] n-GaAsS«7 0 l±tCs n-InO. 
5 (Ga0.3A10.7) 0. 5P& 1 <>y v H17 0 2s In 
0.5 (Ga0.5A10.5) 0. 5P3fe*f-f H17 0 3, A 10. 
O8Ga0.92As/A10.3GaO.7As^ll?#pf£tt 

17 0 4, In0.5 (GaO.5A10.5) O.SPJW HI 



705s p-InO.5 (Ga0.3A10.7) 0.5P&2*5 
>yK17 0 6s p-InGaP**y:7 , 17 0 7s p- 
GaAs3>^^M7 0 8s 7D H >?£ApS#7 0 
9s $t>K.vW&l 2 Is nSfii7 2 2#Jfcfig£ftT^ 
S. jSH1704tts A10.1Ga0.9AsM?#Pl7 
5 1s A10.4Ga0.6As;S'J-Wf 7 5 2&tU^ 

[0 0 9 2] *7>yK!7 0 2&V7 0 6s %1S4 HI 
7 0 3SV7 0 5s fS4£I7 0 4tC:fctta#pl7 5 1 

» u +1 7 5 2 a:, ±iBig i ®%m<D&mk.m®<D 

[009 3] ZZX\ fMOvv K17 0 6ttts I/- 
+f&jgK*>*>t>*7. H 7tt«l8*»0't7D H 
aX$nt^5. aAStlfcg&fl-tts SS.l&a#i§<& 
S©T\ mS5S«fct)^b7'f7'gi5^CSs^1-SC:i:ASpI 

[ 0 0 9 4 ] 09 8 ICs ±i3#Sii£E^Ts 7 8 0 ni8 
ft#©l/— tfjg^fcs 6 5 0 nm&g#©l/— tfffl^i: 

h fc^ 'J S'* *fcJMNbbfci/— tf^g©«jS^^-r. 

[0 0 9 5] 7 8 OnmiSlSCl'- WK^fcl/C* n 
- G a A s ilt£ 8 0 1 ±fc, n- I nO. 5 (GaO. 3A 1 
0. 7) 0. 5PS8 li»7f Pi 8 0 2s In0.5 (Ga0. 5A 
10.5) 0. SPJfc^f-f H18 03> A10.08GaO.92As 
/A10.3Ga0.7As#M?#Pi£ttl8O4s In 
0.5 (GaO. 5 A 10. 5) 0. 5P)fe^ HI 8 0 5s p-I 
n0.5 (Ga0.3A10.7) 0.5P$2*7f H18 0 6, 
p-In0.5Ga0.5P*i'y7'18O7s p-GaAs 
3^?M808, :/Dh>i£;MSJi£8 0 9s $e>(c 
io P mfii8 2 I, &SnSgs8 2 3#Jfcfi££*VT:v>5. 
[0 0 9 6] ::t-, }Sttl8 0 4tts 08 (b) izm 
Sftfcckdfcs A10. lGaOJAsft^tfplS 5 It: 
A 1 0. 4 G a 0. 6 A s n U +1 8 5 2 i: EfclBg<* tl 
X^i. 

[0097]££>£s 6 5 Onm&g#l/— Hfffcl/ 
Ts &R80 l±4Cs n-In0.5 (Ga0.3A10.7) 
0. 5PSfU*5y H18 1 2s In0.5 (Ga0.5A10. 
5) 0.5P##-< H18 1 3s A10.O8GaO.92As/A 
10.3Ga0.7As^m»?#PTSttl8 1 4s I nO. 5 
«• (Ga0.5A10.5) O.SPfttf-T HI 8 1 5> p-In 
0.5 (Ga0.3A10.7) 0. 5P£2*7 v H18 1 6s P 
-In0.5Ga0.5P*^y7'18 1 7s p-GaAsa 
M8 1 8s p^SI8 2 2s #Snmgi8 2 3# 

[0 0 9 8] C©tSttl8 14tis 08 (c) tZmZtl 
feidts In0.5Ga0.5PM?#Pl8 5 3i:InO. 
5 (Ga0.5A10.5) 0. SP^'J+IS 5 4 t^^StE 
g£ft-t^S. if 7 'J HI 8 1 2fiV8 1 6s %X4 H 
18 1 3&IF8 1 5s iStt!8 14, 'J *1 8 5 4 fct 
» ±13^ 1 <D%fo<DB1gk.®m-1bZ. % 2 *7 y HI 8 
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[0099] &A8#©fluui&tttfjK< £*©t\ mm 

[0 10 0] ±J£l,fc3m©»»tt-«'eft9"t, 

tt, #pi^u*ih£s&£tr£ifl?#pfs&i 
&rr*o i/*u #pi©#£t-r*#-»?#prs 

[0 10 1] ^©H&1±, tSttJ!C/t»J+l*«#4l/ft 

[0 102] £fe;:©»£C*5ttSiW FStt, In 
(Gal-yAly) P (Ogy^l) , X«±AlyGal-y 
As (0. 4gygl) &m^XBtiL*ZZ£1fiX'% 

7*KJI©Al»Ms*0. 7, XtfOHOJHFftS 
0 0*>^hD-A, Hl©*f»*InOaA. 
1P£, AlGeLAstlzmj£&&}LXi'l3-V-i/a 

fifcdMItt**^ Kl©*ttWInQaAlP"efttK 
AII-e^dnfettMttA 1 Ga AsXto&ttZ. 

[0 104] £©0 2 3«fc!)BJ3£>7>ftJ;-5{c > ftiH H 
l©#*WInGaAlPT-fc**§£l±> Al©fifi£$ 
xfc*>z>t>e>-f3 SKttTOJfitfftftkV^BStSSfc 

l/COS. )W K«©^^*M> J AlGaAs•eft*^I£■ 
^i, Al©ffif£$x#0. 4tt±7fiiOS*fcaifcfC 

[0.105] Se>t, iSftH©ff££l 00*>^h 

A©if£<fcbfceTl£# U*>U * 

iS4 KR©#tt#GaAlP-eft*il£ttAl©&j$¥ 

l/t*iK HH©»»#AlGaAs-e**«^ 
l±> Al©&fi*x#0. 4 5tt±-Ci©fi*t»fcL 
TO*. 

[0 10 6] IS^t, i£ftl©S££4 0*>^hD 
-AfcUfc»£* *if-f KlxyinGaAlPfcfflOT 
^LT^*©^ttt-A©i£A«D*fliJiJT5c:i:3b«Rl 
IB-Cft 6, AlGaAsftfflWCOSStett, Al©» 

[0 10 7] $e»«C, fS£l©gi*£l 0 0*>^h 
D-AfcU&tl^, *#-f KJf©$ra#AlGaAs£ 

«*vt^uTo*»£ttif-A©ifitf otawsrr*;: 



i;#iiJ&T-ft>K AlGaAs£ffloTo*t§£liAl 
©»f£$x#0. 4 5tt±kt*Ck*»a*U^. 
[0 108] 

[*ifl©»*] tt±«W3l/fcJ:it, *I6W©#«<*1/ 
— WMCJWt, £lft?#PiSfflf £****§£> 
#p«tfGaAlAs**IW**J*k ^D+JftfGaA 
lAs**3KttM5k »iai«B2©^7yI«14«In 

(Gal-xAlx) P (Ogxgl) »iMMttm*ffl^ 
XBtiStlX^iZtfrb, 3fcK-AffljK7y»)ft©tt* 
n *s«)^J$n. £fc*7yFSfciSttHfc©IS©;<>K* 

+ vrs#ifi*$*i*©"ei'--!firftWfc*o-ctsffiB 
E»T#K±$n*. $-»?#prSttif 

©HIHt«&£*1\ *K-A©l£#!>ftfc#*'rftBJ: 
#pl#GaAlAslMM§{W**4> *iat«B 
2<D*7f Pltfln (Gal-xAlx) P (Ogx^ 

i) **»ft*m*»o-c*j«*nTv^ci:*»6\ * 
[0109] &nm&mkt : 7»jYmt(D®£is<( ym 

[0 110] Sfcfc, IK %2<DV— !f*?tty'J 
^y^C*«ftbfc*B-ett, ftt>7 5' Mtf InG 
aAlP*©*«K«m*HOT#tfSft*fc«tK XB 

#&«{b£ftTfi83x h#{£«£ft*. 

« [01] *fSW©^l©^lfi©Jf^t:j;*7 8 0nm« 
iNMtl/— !f 94 *- K©»iS«IJi** t &«KBiia. 
[02] *««©m£tt©£S£J:£7 8 0nmff;ft 
tf6 5 0 nmfO*i»U-W *- KB* ft* y 'J 
* * KJt«{t Ufe£B©SrB«if ft* LfcBKE0. 
[03] ;MfiH©£2©£tt©£SC:J:*7 8 0nmB 
*Btt i/— tf y-f *- H©8riB«3ift* UfcB«Ii0. 

[0 4 ] *£)&©£ 2 W&Djmt «fc * 7 8 0 nmfS 
6 5 0 nmfoMWl/- 994*- KB* ftt^ 'J 
«y * fcBBfb Ufc8B©8rffl«iift* L fcKWriSH. 
« [05] *&l!)J©B3©ISffi©^!gfc«fc*7 8 0nmB 
*iWH/— 994*- K©KiB«iaftwtfcl(USrfflH. 
[06] #&li©!g 3 HJS©Blt <fc * 7 8 0 n m^S 
V6 5 0 nmflhDJMWtl/— tf ^ *- K*?**^ 'J 
•> * cgftfls Lfc8ft©ff Stt&*9 IfcttWBH. 
[07] *^©^4©HJS©ff^tC«t*7 8 0nm^ 

jHMtu—try-f*- K©RB«ia**ivfciwsfHia. 

[08] **W©S4HJfi©Jgffit«t*7 8 0nm^S 
tf 6 5 0 nmfCD^»U- tf^W *- K*?**y 'J 
v t \z$m<b Ufcga©RiB«!iS*^ Ufc8£KiS0. 
st [09] {£&© 7 8 0 nm»*«ftW-tf«B©Kffl« 
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[011] H9C«*nfc(!£*<Db— !f«B©^7y"K 
■ SInGaAlPC«gttitfc*^©»i8«Jift^l/ 

[012101 l©«lfc*tt*SB;frft©K-Aj£# 

[013] tt*©7 8 0nmttJWr©i|iiW*:i/— mW. 
lzm*9y>» HI, Hl£, InGaAlPlc n 

[014] #$gB/J©!g 1 ©ftS&DJ&itci.fcS 7 8 0 nm 
*«ff©*»ft Is— if fctt S gS^lRl© bT-Aj£ 

[015] MiJ-^ltll n0.5 (Ga0.5A10.5) 0.5P 

[016] /<'J*!K I nO. 5 (Ga0.8A10.2) 0.5P 

[017] /ty-^HCInO.S (GaO.JAlO.l) 0.5P 
4 1^7 A. 

[018] /t'J-WICIn0.5Ga0.5PfcflI^fc8ac 

[019] ni)*JffcA10.3Ga0.7AsfcfflHfcgS 

[02 0] A 10.4Ga0.6As£ffl^fcgg 

fcfcttSy7Vl/^D8®3£8©M>F^*?7A. io 
[02 1] ^';+!{CA10.5Ga0.5Asfcffl^fcg§ 

[02 2] y^^r-D*Jift^1-**»»1/— !f*B 

5 ^n j en©#®^^-ri5ira0o 

[02 3] rSffif©fl!;*£4 0*>^ ho-A, £7 
y KlfflAlfflfiE$£0. 7, tttf'f F«©ff£&3 0 
0*>^;UD-A, HS©*m£InGaAl 
PS¥*fttftt2:, AlQaAsftJNMtttttfcCfUft 

[02 4] iS£Jf©JP<fc£l OO^^bO-A, >? 
7-v F«©Alf&Jj&3f5£0. 7, Jfctf-f FJf©ffi*£3 
0 0#W7,hD-A, M-fKiCWSInGaA 
IP AlGaAs**»(ttf»kCtt 

101, 2 0 1, 3 0 1, 401, 5 0 1, 601, 7 
0 1, 80 1, 90 1, 1 00 1, 1 1 0 1 n-Ga «• 



IS 

AsSS 

1 0 2, 2 0 2, 2 1 2, 30 2, 40 2, 4 1 2, 5 
0 2, 6 0 2, 6 1 2, 7 0 2, 80 2, 8 1 2, 1 0 

0 2, 1 1 0 2 n-In0.5 (Ga0.3A10.7) 0.5P 
& 1 £ 7 y HJf 

1 0 3, 2 0 3, 2 1 3, 3 0 3, 4 0 3, 4 1 3, 5 
0 3, 6 0 3, 6 1 3, 7 0 3, 8 0 3, 8 1 3, 1 0 

0 3 I nO. 5 (Ga0.5A10.5) 0. 5##-f HI 

1 0 4, 2 04, 304, 40 4, 4 1 4, 504, 6 
04, 7 0 4, 8 0 4, 8 1 4 A 1 0. 08GaO. 92A s 
/A 1 0. 3 G a 0. 7 A s £««?#F?S£1 

1 05, 2 0 5, 2 1 5, 30 5, 4 05, 4 1 5, 5 

0 5, 60 5, 6 1 5, 70 5, 8 0 5, 8 1 5 In 
0.5 (Ga0.5A10.5) 0. 5##-f HI 

1 06, 206, 2 1 6, 30 6, 4 0 6, 4 1 6, 5 

06, 60 6, 6 1 6, 706, 806, 8 1 6 p- 
In0.5 (Ga0.3A10.7) 0. 5Ptg277* HI 

1 0 7, 2 07, 2 1 7, 50 7 p-InGaPxy 
l-yVTs H yrtM 

1 08, 208, 2 1 8, 308, 408, 4 1 8 p 
-In0.5 (Ga0.3A10.7) 0. 5P!?S3*7>.y Hjf 
1 0 9, 2 0 9, 2 1 9, 3 0 9, 409, 4 1 9, 6 

07, 6 1 7, 7 07, 807 p — I n0.5GaO. 5P 

1 1 0, 2 1 0, 3 1 0, 4 1 0, 4 2 0, 6 0 9, 6 

1 9, 7 0 8, 8 0 8p-GaAs3>** M 

1 1 1, 2 1 1,508 n-GaAsmiS^D^^S 

121, 321, 521, 721 p®S 

1 2 2, 3 2 2, 5 2 2, 7 2 2 n&U 

1 5 1, 3 5 1, 5 5 1, 7 5 1 A10.lGaO.9As 

1 5 2, 3 5 2, 5 5 2, 7 5 2 A10.4GaOJAs 

2 1 4 In0.5Ga0.5P/In0.5 (Ga0.5A10.5) 
0.5P#fi*?#FTS£Jf 

22 1, 42 1, 6 2 1, 8 2 1 780nmLD©p 

mm 

2 2 2, 4 2 2, 6 2 2, 8 2 2 650nmLD©p 

mm 

22 3, 42 3, 62 3, 823 ^SnmeilfeiittA 
lNtJ-^v^>h 

25 1, 45 1,6 5 1, 8 5 1 A10.lGaO.9As 

25 2, 452, 65 2, 8 5 2, 85 2 A10.4G 
a0.6As;<'J-Wf 

253, 453, 65 3, 8 53 InO.5Ga0.5P* 
*#PB 

254, 454, 654, 8 54 In0.5(Ga0.5A 
10.5) 0.5PM 'J *Jf 

307, 407, 4 1 7, 6 08 n-AlGaPSgt 
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50 7 n-InGaP+fy 771 
508 n-GaAsmiK^Dy^l 
509, 8 1 8 p-GaAs3>*£M 
617,817 p-InO. 5GaO. 5P** f 771 

6 18 n-AlGapSifc7*Dy£l 

7 0 9, 8 09 roh>axfa^ 

9 0 2 n-AlGaAs^7>y HI 
9 0 3, 1 1 0 5 A 1 Ga A s3fc#4 HS 
9 0 4, 1 0 04, 1 1 04 MQWffittl 
9 0 5, 1 1 0 3 A IGaAsW HB 



906 p-AlGaAs?7-y HI 

907, 1 008, 1 1 08 p-GaAs:i>**H 
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951,1151 A10. lGa0.9Asl?#PS 

9 5 2, 1 1 5 2 A10.4GaO.6As/tiJ-Wl 

1 00 5, 1 1 0 2 InGaAlP£7y HB 

1 00 6 p-InGaAlP^y HI 

1 0 07, 1 1 07 p-InGaP*+*771 

105 1 InGaAlPft?#Fl 

1 0 5 2 InGaAlP/l'J-\>B 
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